Effects of sodium on the calcium paradox in rat hearts.
Reduction of the Na concentration in the Ca-free perfusion solution reduces the amount of myoglobin released by the cells when Ca is readmitted if sucrose is used to replace NaCl under mild hypothermia. When salts like cholinechloride or LiCl are used instead of sucrose, no protection is seen at any temperature. The temperature threshold above which myoglobin loss sharply increases is lowered by prolonged Ca depletion or by the addition of EGTA to the Ca-free solution. Protection by sucrose does not occur in the presence of EGTA. An increase of cell Na induced by strophanthidin during the Ca depletion phase has no effect on myoglobin release. The exponential decline in twitch tension in the early phase of Ca deprivation has the same half-live (T1/2) for Ca-free solutions containing 145 mM Na or 35 mM Na (110 mM Li or choline), but its T1/2 is prolonged if sucrose is used to replace NaCl. When 5 mM EGTA is added to the Ca-free solutions, the T1/2 is shortened and is not changed by the replacement of NaCl with sucrose. The rate of washout of Ca within the first 20 s of Ca depletion has a similar time course in a normal Na or in a Li and low Na solution. In a sucrose and low Na solution the rate of the Ca efflux is reduced. The addition of EGTA increases this rate and abolishes the slowing effect of a sucrose and low Na solution. Therefore myoglobin release during the Ca paradox does not depend on the Na gradient across the sarcolemma.(ABSTRACT TRUNCATED AT 250 WORDS)